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Introduction 
The pool of organic carbon in soils (S OC) plays a key role in the global C cycle and has 
a large impact on the greenhouse effect (Lal et al., 1995). The levels of SOC can be 
managed to increase the terrestrial C pool and provide a sink for atmospheric C02. The 
potential of different ecoregions of the world to sequester C is climatic dependent, being 
high in temperate regions where crop growth conditions are favorable. Due to the 
droughts, arid and semi-arid regions have lower capacity to sequester C per unit area 
basis but due to the large extent of such areas, the total capacity may be important. 
Cropping practices relevant to C sequestration include tillage methods and crop 
rotations. However, the net change in SOC depends not only on the current 
management practices but also on the management history of the soil. Therefore, long-
term quantification of SOC in relation to different types of soil and climates and under 
various soil management options is of great importance in identifying the pathways of C 
sequestration in soils. 
This paper presents results of C storage in a Calcic Haploxeralf located in the CSIC 
experimental farm in Toledo (central Spain) afier 12 years of maintaining various tillage 
and rotation combinations. 
Materials and Methods 
The field studies were carried out between 1988 and 1999 in the cereal-producing area 
of central Spain. The soil (Ioam-sandy, bulk density=1.3 9 cm-3, pH=5.8, SOC=7.0 mg g-1, 
cation exchange capacity=17.4 cmolc kg-\ The experiment was arranged in a split-plot 
designo Two tillage treatments: conventional tillage (CT) and no-tillage (NT) are applied 
to (9 m x 80-m main plots). The crop rotations (9 m x 40-m sub-plots) include (1) barley 
(Hordeum ·vulgare L. cV. "Aramir") and vetch (Vicia sativa L.) (S-V), (2) barley and 
sunflower (Helianthus annus L.) (S-S) and (3) barley monoculture (S). The treatments 
were replicated three times to give a total of 36 sub-plots. 
A series of soil properties including SOC (Nelson and Sommers, 1982) was 
determined every year and subjected to analysis of variance (ANOVA). The least 
significant difference test was used to compare treatments at the P<0.05 level. 
Results and Discussion 
Changes between 1988 and 1999 in the SOC were clearly evident. The values for the 
total C storage in the 0-30 cm soillayer showed that the amount of C sto red in the NT 
plots was 1.1 Mg ha-1 greater than that in the CT plots. This increase was in the range of 
the results presented by other authors (Dick and Durkalski, 1998) and can be interpreted 
as the effect of various interacting factors, such as increase residue return, less mixing 
and soil disturbance, higher soil moisture content, reduced surface soil temperature, 
proliferation of root growth and biological activity, and decreased risk of soil erosion (Lal 
et al., 1994). 
Differences among rotation treatments showed that the S monoculture resulted in 
significant less C storage than did the S-V and the S-S rotations, both showing similar 
results. The vegetation is a major factor affecting soil formation, and the greater amounts 
of residue inputs for the S-V and S-S rotations versus S monoculture has impacted 
SOC concentration. 
Significant interactions between tillage and rotation could also be observed. After 12 
years, the lowest values of C stored in the soil were obtained with the CT/S combination 
(2.4 Mg ha-\ The application of NT in combination with sunflower or vetch increased C 
storage to 3.6 and 3.9 Mg ha-1 respectively. 
Comparing the CT/S combination with the CT/S-V treatment, the C storage increased 
from 2.4 to 2.7 Mg ha-1. This represents an increase of 0.3 Mg ha-1 in 12 years which 
corresponds to a C sequestration rate of 25 kg C ha-1 y"1 due strictly to a rotation effect. 
The overall gain in organic C stored in NT/S-V treatment as compared to the value in 
the CT/S-V combination was calculated to be 1.2 Mg ha-1 (100 kg ha-1 y(1) due strictly to 
tillage. 
Conclusions 
The results obtained indicated that agricultural practices, such as tillage intensity and 
rotation, may counteract the declining trend in C sequestration in semiarid soils or may 
even increase it over time and thus help alleviate the trend towards increasing 
concentrations of C02 in the atmosphere. 
In addition to several agronomic benefits, NT, when continuously practiced, results 
in values of soil C storage that are greater than when conventional tillage is applied. 
Thus NT can be considered as an effective technology for removing C from the 
atmosphere and sequestring it in the soil. In addition, implementing NT practices implies 
that the use of CT practices will decline, thus reducing the oxidative loss of soil C and 
resulting in the built up of C and organic matter in agricultural soils. 
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